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Description 

BACKGROUND OF THE INVENTION 

5 The present Invention relates to a deminerallzation apparatus comprising a diluting chamber packed with a doth. 
Particularly, it relates to an improvement in a deminerafization apparatus utilizing eiectrodiatysis action. 

As a method of producing denvneralized water, an ion exchange resin method which comprises passing water to 
be treated through an ion exchange resin-packed bed, regenerating a deteriorated ion exchange resin with an add or 
alkali regenerant and then using the regenerated resin repeatingly has been used generally. However, the method has 

10 a drawback in that a regeneration process for the ion exchange resin by using regenerant like hydrochloric add or caus- 
tic soda is troiA)lesome and. in addition, a great amount of alkaline and addic waste water is discharged. Accordingly, 
a process for produdng denrtineralized water without using the regenerant has been demanded. 

For such a demand, a deminerafization method comprising an ion exchange resin and an ion exchange memkirane 
in combination has been proposed in recent years. Based on the fact that water-containing ion exchange resins are 

IS good electric conductors, an eiectrodiatysis action using anion and cation exchange men^nes as diaphragms is uti- 
lized in this method. In this method, ion exchange resins as a filler are filled or packed in a diluting chamber of an elec- 
trodialysis unit defined witfi an anion exchange membrane and a cation exchange membrane, and water to be treated 
f k>ws ttirough the diluting chamber under applicatbn of a voltage, and the treated water is obtained as demineralized 
water. 

20 . During processing of this method, impurity ions in water to be treated is subjected to ion exchange by the ion 
exchange resin, impurity ions captured by the ion exchange resin are eluted by supply of electric cun'ent. the eluted 
impurity ions are separated by the ion exchange membranes. Demineralized water is produced while conducting ion 
exchange by the ion exchange resin and regeneration thereof simultaneously. 

In this way. according to a so-called electrodemineralization method of producing demiheralised water by using the 

25 ion exchange membrane and the granular ion exchange resin as the filler, it requires neither the regeneration operation 
for the granular ion exchange resin nor use of regenerant of acid or alkali for regeneration. Therefore, it can be conskJ- 
ered as an advantageous method. 

However, the apparatus used for the toiown electrodemineralization method described above has a drawback tiiat 
there is a risk that the granular anion ion exchange resin and the granular catton ion exchange resin in a mixed state 

30 woukl separate (granular anion and cation exchange resins homogeneously dispersed and mixed are made into an 
inhomogeneous dispersed state due to the difference in the specific gravity between both of the resins), upon change 
of ftow rate of water to be treated, or upon operation of discharging suspended materials accumulated in the diluting 
chamber out of the system. If the separation of the mixed granular ion exchange resins occurs, demineralized water of 
stable quality can no more be obtained. 

3S In view of ttie above, there is proposed in Japanese Patent Publication (KOKOKU) No. 4-72567 (1 992). conrespond- 
ing to EP-A-0 1 70 895, a means for finely dividing a diluting chamfc)er (deionization chamber) into a specific size to pre- 
vent the separation of tiie mixed granular ion exchiange resins caused by fluidization of the mixed granular ion exchange 
resins, so that there is a disadvantage of complicating the apparatus and making the maintenance and administration 
troublesome. 

40 EP-A-0 503 651 relates to a regenerable demineralisation apparatus using ion exchangers that are produced by 
radiation initiated graft polymerisatfon and that are packed in the demineralisation compartment of an electric diatyser. 
This document descrfoes a mosaic ion exchanger consisting of alternately arranged cation and anion exchange groups. 
e.g. fabrics in which bundles of cation exchange fibers are woven alternately with bundles of anion exchange fibers. 
JP-A-62 079 851 disdoses an Ion-exchanging ihre sheet used to purify Ikjuid gases or chemicals whtoh comprises 
45 a mixture of ion-exchanging flocks and glass fibers. 

GB-A-2 086 954 describes a filter medium for selectively capturing ions in water which comprises poly(vinyl alco- 
hol) series ion exchange fibers. This fitter medium contains either anionic or cationic polyvinyl alcohol exchange fibers 
and thermoplastic syntiietic f bers such as pdyettiylene. 

As a result of studies made by the present inventors, rt has been found that troublesome maintenance operation 
so can be made unnecessary and demineralized water having excellent quality can be obtained stably, by using as ton 
exchangers in the dilution chamber, a mixture of strongly acidic cation exchange fibers, strongly basic anion exchange 
fibers and kxiically inactive synthetic fibers in the form of cloth. This present invention has been accomplished based 
on the finding. 

55 SUMMARY OF THE INVEt^QN 

It is an object of the present inventfon to provide an apparatus capable of improving the quality of deminerafized 
water and eliminating the complexity of the maintenance operation as compared with a known system in which the 
granular ion exchange resin is padced in the diluting chamber in the electrodeminerarization apparatus described 
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abova 

According to tfie present inventioa there is provided a demineralization apparatus comprising: 

an anode chamber (3) disposed at one end of a vessel (1) having an anode (2) at the inside of the anode chamber 
5 (3): 

a cathode chamber (5) disposed at the other end of the vessel (1 ) having a cathode (4) at the inside of the cathode 
chamber (5); and 

at least one diluting chamber (81. 82) and at least one concentrating chamber (91, 92), disposed altemately 
between the anode chamber (3) and the cathode chamber (5), 
10 the diluting chamber (81 .82) having an anion exchange membrane (61 .62) on the anode chamber side and a cation 
exchange membrane (71 , 72) on the cathode chamber side, 

the diluting chamber (81.82) having an inlet (121) fbr water to be treated and an outlet (122) for deminerallzed 
water, 

the concentrating chamber (91. 92) having an inlet (131) fbr water and an outlet (132) fbr ion-concentrated water. 
IS characterized in that 

the diluting chamber (81 .82) contains a doth (101) comprising a mixture of strongly ackfic cation exchange f bers. 
strongly basic axion exchange fibers and ionlcally inactive synthetic f bers. 

BRIEF EXPLANATION OF TH^ PRAWINQ? 

20 

Fig. 1 is a schenriatic front elevational view in vertical cross section for one embodiment of the apparatus according 
to the present invention. 

Fig. 2 IS a graph showing a relation between change of an anfK>unt of the ionlcally inactive synthetic fibers and 
change of resistivity of the resultant treated water in Example 1. 
25 Fig. 3 is a graph showing a relation between change of a thickness of a diluting chamber and change of resistivity 
of the resultant treated water in Example 2. 

Fig: 4 is a graph showing a relation between change of electroconductiv'ity of water to be treated and change of 
resistivity of the resultant treated water in Example 3 and Comparative examples 1 and 2. 

30 DETAILED DESC RIPTION OF THE INVENTION 

In the denrunerafization apparatus, to form at least one diluting chamber and at least one concentrating chamber, 
suitable nunfit>ers of the cation exchange membrane and the anion exchange membrane are disposed altematefy 
between the anode and the cathode. A chamber defined with an anion exchange mentbrane disposed on the anode 

35 chamber side and a cation exchange membrane disposed on the cathode chamber side is a diluting chamber. A cham- 
ber defined with a cation exchange membrane di^X)sed on the anode chamber side and an anion exchange meml)rane 
disposed on the cathode chamber side and disposed adjacently to the diluting chamber is the concentrating chamber. 

Ihe diluting chamber has an inlet fbr water to be treated and an outlet for demineral'ized water. The concentrating 
chamber has an inlet for water and an outlet for ion-concentrated water. 

40 Pr^erably, the demineralization apparatus oonprises at least two diluting chambers are disposed between the 
anode chamber and the cathode chamber, and the concentrating chamber is formed between each of the diluting 
chancers. 

Description will be made to a preferred embodiment of tiie apparatus according to the present invention with refer- 
ence to Fig. 1 . Fig. 1 is a schematic front ele^tional view in vertical cross section of the apparatus, in wNch a vessel 

45 1 , an anode plate 2, an anode chamber 3, a cathode plate 4. a cathode chamber 5, an anion exchange membrane 61 . 
and a cation exchange memtxane 71 are shown. A diluting chamber 81 is formed t>etween tiie anion exdwige mem* 
brane 61 and the cation exchange membrane 71 . In the same way, a second diluting chancer 82 is formed between an 
anfon exchange menibrane 62 and a cation exchange membrane 72. In tiiis way ttie anion exchange membranes and 
cation exchange merTt>rane8 are arranged alternately to form five diluting chambers in ttie embodiment shown In Fig. 

so 1 . A dotii 1 01 comprising a mixhjre of strongly acidic cation exchange fibers, strongly basic anion exchange fibers and 
ionicaily inactive symhetic fibers are filled or packed in each of the five diluting chambera Further, a chamber 91 formed 
between the cation exchange membrane 71 and tiie anion exchange membrane 62 constitute the concentrating cham- 
ber. Similarly, a chamber 92 formed t)etween the cation exchange membrane 72 and the anion exchange membrane 
63 constitute the concentrating chamber. In this way, four concentrating chambers are formed in the apparatus shown 

55 in Fig. 1. 

The anode chamber 3 and the cathode chamk>er 5 are respectively charged with suitable electrolytic solutions so 
as to provide electroconductivity. Since the concentration of the electrolyte solution is gradually lowered during electric 
cunrent supply, it is prefenred to maintain the concentration always at a predetermined level. Fa tiiis purpose, it is pre- 
fen'ed to recycle a portion of Ion-concentrated water discharged from the concentrating chani}ers. The electrolyte solu- 
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tion is introduced through an electrolyte solution entrance pipe 11 1 to the anode chani^er 3 and discharged through an 
electrolyte solution exit pipe 1 12 therefrom, in the same manner, the electrolyte solution is introduced through an elec- 
trolyte entrance pipe 1 1 3 and discharged through an electrolyte solution exit p'pe 1 1 4 as to the cathode chamber 5. 

Further, water to be treated (water to be demineralized) is supplied in parallel to five diluting chambers through an 
5 entrance pipe 121 and treated water (demineralized water) Is discharged from an exit pipe 122. V\ftiter (usually, the 
same as water to be treated) Is supplied through an entrance pipe 131 to the Ibur concentrating chambers and water of 
increased tonic concentration is discharged from an exit pipe 1 32. 

When a DC cunent (usually at 20 to 60 mfiJdvr?) is applied between the anode plate 2 and the cathode plate 4. 
impurity ions in water to be treated are removed by the anion and cation exchange fibers contained in the doth 101 in 
10 the diluting chambers to provide demineralized water. The impurity ions captured in the ion exchange fibers are electri- 
cally dialyzed by the anion and cation exchange membranes, transfen-ed to the concentrating chambers and then dis- 
charged as ion concentrated water from the exit pipe 1 32. 

The ratio of the amount of water to be treated supplied to the diluting chamber and the concentrating chamber 
depends on the composition of water to be treated and ft is treated usually within a range of 1:1 to 5:1. 
IS The supplying conditions to the apparatus are selected depending on the wat^ quality desired, economics and 
composition of the water to be treated. 

For the basic stnjcture of the demineralization apparatus according to the present Invention, any of known electro- 
dialysts units of a structure in which cation exchange membranes and anion exchange membranes are disposed alter- 
nately between electrodes of the anode and the cathode can be used with no particular restriction. For instance, a filter 
20 press-type or unit cell-type electrodialysis unit having a structure in which cation exchange membranes and anion 
exchange membranes are an^nged alternately each by way of chamber frames between the anode and the cathode 
and diluting chambers and concentrating chambers are formed with both of the ion exchange membranes and the 
chamber frames are used. 

According to the present invention, a mixture of strongly acidic cation exchange fibers and strongly t)asic anion 
25 exchange fibers and further ionically inactive synthetic fibers, which is in the form of cloth, is packed in a diluting chanv 
ber. 

The anion and cation exchange fibers usable herein can include fibers of a polymer of polystyrenes, polyphenols, 
polyvinyl alcohols, polyacrylates. polyethylenes and polyamides having cation exchange groups and anion exchange 

groups respectively. 

30 A typical example of the cation exchange group is sulfonic groip. A typical example of the aruon exchange group 
is trimethyl anvnonium group. 

The cation exchange groups on the strongly acidic cation exchange fibers have pKa of usually less than 1.0. The 
anion exchange groups on the strongly basic anion exchange fibers have pKb of usually more than 1 3. 
The ion exchange fibers are commercially available. 
35 The cation and anion ion exchange ftoers may be in regenerated forms (H form and OH form) or salt forms. 

As the ionically inactive synthetic fibers to be mixed with the anion and cation exchange fibers, synthetic fibers hav- 
ing no ion exchange groups (usually not more tiian 0. 1 meq/g) can be used with no particular restriction othemvisa Typ- 
ically, synthetic fibers made of polyester, polyol^in. potyamide or the like can be mentioned. 

A form of the dotti comprising tiie mixture of the ion exchange fibers and the tonically inactive synthetic fibers can 
40 includes felts, non-woven fabrics, paper, knitted and braided products. Based on the weight per unrt area, the cloth is 
evaluated. 

The strongly acidic cation exchange f a>ers and the strongly basic anion exchange fibers are used usually at a ratio 
such that ttie ion exchange capacities are substantially equal to each other (usually 48/52 - 52/48. preferably 49/51 • 
51/49), to which the ionically inactive synttietic fibers are added to form the doth for packing the diluting chamber. If the 
45 ionically Inactive synthetic fibers are used alone, since tfie ion exchange fibers are not present at all, demineralized 
water quality obtainat>te is as poor as that in usual electrodialysis. 

On ttie otiier hand, if ttie ionically inactive synthetic fibers are not mixed at all. hindrance of ion transportation would 
occur, which is considered to be attributable to the formation of contact between the anion and cation exchange iibeis 
to each other as explained below, failing to obtain good demineralized water quality Therefore, an appropriate content 
so of ionically inactive synttietic f bers is required. 

The content of the Ionically inactive synthetic fibers in the mixture of the anion and cation exchange f bers and ion- 
ically inactive synthetic fibers is preferably from 20 to 70% by weight and. particulariy preferably from 30 to 60% by 
weight based on tiie entire weight WitNn the above-mentioned range, impurities ions in water to be treated can be cap- 
tured more rapidly and transported to the outside of ttie ion exchange membranes more rapidly 
55 The thickness of ttie cloth, while different depending on ttie apparent density, is usually made greater by 1 0 to 60% 
than the thickness of the diluting chamber and to such an extent as capable of dose packing into the diluting chantber. 
The thkdmess of ttie diluting chamber is usually 1 to 5 mm. Plural of ttie doth nnay be used witti stacking. 

TTiere are no particular restriction on ttie diameter and ttie lengtti of ttie strongly acidic cation exchange fibers, ttie 
strongly basic anion exchange fibers and tiie ionically inadive synttietic fibers so far as ttiey can be made Into dotii. but 
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usually the diameter is from 5 to 50 jim and the aspect ratio (length/diameter) is from 100 to 250. 

As has been described above, the present invention Is mainly characterized by packing the cloth comprising a mix- 
ture of the anion and cation exchange fibers and ionically inactive synthetic fibers In the diluting chambers and utilizing 
the electrodialysis action to produce demineralized water. This is more advantageous in view of operation and, In addl- 

5 tion. can provide demineralized water at higher purity as compared vvith a case of producing demineralized water under 
the same operational conditions while packing a mixture of granular strongly acidic Ion exchange resin and strongly 
basic ion exchange resin in tiie diluting chambers. 

More specifically, when the granular ion exchange resins are packed in the diluting chambers, it requires an 
extremely complicate operation to pack tiie granular ion exchange resins at a uniform thickness, in a homogeneously 

10 dispersed and mixed state of the granular cation exchange resin and ttie granular anion exchange resin and in a insep- 
arable manner. On the contrary, in a case of packing tiie doth as a mixture of the ion exchange fibers and the ionically 
inactive symhetic fibers, they can be packed In the diluting chamber by an extremely simple and convenient operation 
while keeping the ttiickness substantially uniform and witti no possibility of separation between ttie cation exchange fib- 
ers and the anion exchange fibers to cause an inhomogeneous mixed state. 

IS Further, in a case of ttie granular ion exchange resin, even during passage of water to be treated in the diluting 
chamber, ttiere is a possibility of s^saration between the granular cation exchange resin and ttie granular anion 
exchange resin to result in an inhomogeneous dispersed and mixed state, which may lead to deterk)ration of the quality 
of demineralized water. Therefore, tills makes it impossible to adopt an upward stream for the water passing direction 
to the diluting chamber. However, use of the doth comprising the mixture of the ion exchange fibers and the ionically 

20 inactive synthetic fibers as in ttie present invention can adopt ttie upward stream for the water passing direction, which 
can prevent instability of ttie quality of demineralized water due to localized stream of water to be treated which tends 
to occur in ttie case of a downward stream. 

Further, in ttie apparatus according to ttie present invention, demineralized water at higher purity can be obtained 
as compared witti the case of using the granular arnon and cation ion exchange resins. Alttiough the reason is not 

25 apparent, it may be considered as below. In the case of ttie granular ion exchange resins, if the captured impurity ions 
are cations for instance, the impurity ions transport along the surface of the cation exchange resin particles adjacent to 
each ottier by tiie application of a voltage and transfer toward a negative potential. If ttie captured ions are anions, the 
impurity tons transport along the surface of ttie anion exchange resin partides adjacent witti each ottier and transfer 
toward the positive potential for regeneration. However, if ttie caAon exchange resin partide is in acfjacent witti the anion 

30 exchange resin, ion transfer is interfered and hindered due to difference of ion exchange resins and the regenerating 
efficiency is worsened. 

On the ottier hand, in a case of using the ion exchange fibers as in ttie apparatus according to the present inven- 
tion, the impurity ions once captured taansport along ttie surface of one cation exchange fiber and transfer toward ttie 
negative potential, rf the ions are cations. TTie captured impurity ions, if ttiey are anions, transport along the surface of 

35 one anion exchange ifber and transfer toward ttie positive potential for regeneration. Different from the case of using the 
granular ion exchange resins, since the bn exchange fiber Is continuous as a single fiber, the regenerating eff idency is 
higher and demineralized water at higher purity can be obtained. 

Since the ion exchange fibers comprise single continuous fibers, ions can easily transport on the surfaca However, 
If a cation exchange fiber and an anion exchange fiber are In contact to each other to have a pdnt of contact, transfer 

40 of ttie cations and anions is hindered at the point of contact Then, tiie ionically inactive synthetic fibers are mixed to 
reduce the point of contacts between the anion and cation exchange fibers to each other, so ttiat the ions transfer more 
rapidly, to further improve ttie regenerating efficiency and provide demineralized water at higher purity In addition, 
incorporation of the ionically inactive synthetic fibers can reinforce the strengtti of ttie entire clotii. 

45 EXAIVIPLES 

Description wiU be made to examples of produdng dennneralized water using the apparatus aocoiding to ttie 
present invention. 

so Example 1 

Demineralized water was produced while variously changing the ratio of the ionically inactive synthetic fbers in a 
mixture comprising the st-ongly acidic cation exchange fibers, the sto^ongly b&sAc anion exchange fibers and flie fonically 
inactive synthetic fibers in ttie dotti to be packed in the diluting chamber. 
55 As ttie strongly addic cation exchange fibers, fibers prepared by dispersing homogeneously a sulfonic oonrpound 
of styrene and divinyibenzene into matrix of polyvinyl alcohd and dry spinning (lEF-SC (trade name), NITIVI Ca. Ltd.) 
was used. As ttie sti^ongly basic anion exchange fibers, fibers prepared by adding polymetiiyl ammonium groups to a 
main skeleton of polyvinyl alcohol (lEF-SA (trade name). NITIVI Co.. Ltd.) was used. Both of ttie ion exchange fibers 
are mixed each in an identical ion exchange capacity, to whrch polyester fibers were added at various ratios as tiie ion- 
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ically inactive synthetic fibers into a mixed state and then fabricated into a nonwoven fabric for use. 

The apparatus used had a structure as shewn in Rg. 1 except that the apparatus comprised three diluting cham- 
bers and two concentrating chambers. 

Each of the diluting chambers was 390 mm in length. 130 mm in width and 1 mm in thickness, in which the non- 
5 waven fabric (doth) were contained (10 g/camber). Each of the concentrating chanrtf>er8 was 390 mm in length, 130 mm 
in width and 2 mm in thickness, in which nothing was packed. 

The artion exchange membrane used was SELEMION® AMD (Asahi G^ass Ca, Ltd.) having 390 mm in length and 
130 mm in width. The cation exchange membrane used was SELEMION® CMD (Asahi Glass Co.. Ltd.) having 390 mm 
in length and 130 mm in width. 

10 Water to be treated in this case was prepared by dissolving a mixture of 20% by weight of sodium chloride and 80% 
by weight of sodium hydrogen carbonate into purified water, and contained salts of 10 ppm as calcium carbonate. The 
salt-containing water was passed through at a flew rate of 20 l/hr through the diluting chambers and both of the elec- 
trode chambers. Salt-containing water of an identical composition was also passed at the same flow rate to the concen- 
trating chambers. 

IS At the same time with the water passage, a DC current kept at 200 mA was applied through the electrode plates in 
both of the electrodes chambers and the electroconductvity of treated water from the diluting chambers was measured. 
Results are shown in Fig. 2. The graph shows the resistivity of treated water (reciprocal of the electroconductivity) (on 
the ordinate) while changing the ratio of the ionically inactive synthetic f bers in the doth packed in the diluting chamber 
(on the absdssa). It can be seen from the results that the mixing ratio of the ionically inactive synthetic fibers is prefer- 

20 ably within a range from 20 to 70% by weight and, particularly preferably, within a range from 30 to 60% by weight. 

Example 2 

A water passage test was carried out by using the same demineralization apparatus as in Example 1. except for 
2S changing the thickness of the diluting chamber within a range from 0.3 to 5 mm. Conditions were identical with those in 
Example 1 except that the content of the ionically inactive synthetic fibers in the doth was at 50% by weight. The results 
are shown in Rg. 3. As can be seen from the results, lowering of the resistivity of treated water was observed when the 
thickness of the diluting chamber exceeded 2 mm. 

30 Example 3 and Comparative Examples 1 and 2 

V\feiter passage test was carried out using the same demineralization apparatus as that In Example 1 . In the com- 
parative examples, water treatment was conducted under the same conditions except for packing the granular ion 
exchange resins instead of the doth in the diluting chamber, fslamely, in Comparative Exanple 1 , a granular strongly 

35 addic cation ion exchange resin (DIAION® PK112, Mitsubishi Kasei Corporation) and a granular strongly basic anion 
ion exchange resin (DIAION® SA10A. Mitsubishi Kasei Corporation) (I type) mixed each in an equivalent amount were 
packed (35 g/chamber). In Comparative Example 2, a granular strongly acidic cation ion exchange resin (DIAION® 
PK1 12. Mitsubishi Kasei Corporation) and a granular strongly basic anion ion exchange resin (DIAION® SA20A. Mit- 
subishi Kasei Corporation) (II type) mixed each in an equivalent amount were packed (35 g/chamber) . On the other 

40 hand, in the example of the present inventioa the doth as described in Example 1 (ionically inactive synthetic fiber con- 
tent off 50% by weight) were packed in the diluting chamber. 

Using water to be treated of different electroconductivity (ixS/cm) as shown in Rg. 4 (on the absdssa) and treated 
under the same conditions as those in Example 1 , to measure the resistivity of the treated water. The results are shown 
in Rg. 4. In the figure, a curve obtained by plotting double drdes shows Exanple 3, a curve obtained by plotting trigonal 

45 marks shows Comparative Example 1 and a curve obtained by plotting a single circle shows Comparative Example 2. 
As is dear from Fig. 4. as compared with Conparative Examples 1 and 2 in which the granular ion exchange resins 
were packed in the diluting chambers, the example of the present invention in which the doth comprising a mixture of 
the ion exchange fibers and the ionically inactive synthetic fibers can provide treated water of higher resistivity, that is, 
higher purity even in a case where the electroconductivity is rather high and ionic amount is rather ^-eat in the treated 

so water. 

Sample 4 

A water to be treated passage test was can-ied out by using the same demineralization apparatus as that in Exam- 
55 pie 1 . The content of the Ionically inactive f bers in the doth was 50% by weight The conditions adopted were identical 
with those in Exanple 1 except for using two types of water passing directions, that is, using upward stream for the 
water passing directions both in the diluting chambers and the concentrating chambers (In Rg. 1 , water is passed from 
the entrance tube 121 for water to be treated to the diluting chambers in the direction of arrows and water is passed 
from the entrance tube 131 to the concentrating chambers in tiie Erection of arrows, in which the water passing direc- 
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tion was made identical. TWs is referred to as first water passing case.) and using downward stream, contrary to the 
case of the first water passing to the diluting chamber and passing water in the upward stream in the same manner as 
in the first water passing to the concentrating chambers (refen^ed to as second water passing case). 
The resistivrty of the resulted treated water was measured and the results are shown in Table 1. 

5 
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IS 

That Is, there was no difference In the resistivity of the treated water between the case where water was passed in 
the upward stream and the downward stream to the diluting chambers and treated water at high purity coutd be 
obtained. 

20 Claims 

1 . A denruneralization apparatus comprising: 

an anode chamber (3) disposed at one end of a vessel(l) having an anode (2) at the inside of the anode cham- 

25 ber (3); 

a cathode chamber (5) disposed at the other end of the vessel (1 ) having a cathode (4) at the inside of the cath- 
ode chamber (5); and 

at least one diluting chamber (81 , 82) and at least one concentrating chamber (91 , 92). disposed alternately 
between the anode chamber (3) and ttie cathode chamber (5). 
30 the diluting chamber (81 ,82) having an anion exchange membrane (61 ,62) on the anode chanlber side and a 

cation exchange membrane (71 , 72) on the cathode chamber side, 

the diluting chamber (81.82) having an inlet (121) fbr water to be treated and an outlet (122) for demtnerafized 
water, 

tiie concentrating chamber (91. 92) having an inlet (131) for water and an outiet (132) fbr ion-concentrated 
35 water, characterized in ttiat 

the diluting chamber (81 .82) contains a doth (101) comprising a mixture of strongly acidic cation exchange fib- 
ers, strongly basic anion exchange fibers and ionically Inactive synthetic fibers. 

2. A demineraDzation apparatus according to claim 1 . wherein: 

40 

at least two diluting chambers (81 .82) are disposed between the anode chamber (3) and the cathode chamber 
(5). an anion exchange membrane (61,62) is disposed on the anode charrtoer side of each of the diluting 
chambers (81 .82), a cation exchange membrane (71 , 72) is disposed on ttie catfiode chamber side of each of 
the diluting chambers (81 .82), and 
4S ttie concentrating chamber (91 . 92) is defined between each of the diluting chant>ers (81 ,82). 

3. A demineralization apparatus according to claims 1 or 2, wherein an amount of the ionically inactive synthetic fibers 
In tiie mixture is from 20 to 70% t)y weight 

50 4. A demineralization apparatus according to claims 1. 2. or 3. wherein amounts of the strongly acidic cation 
exchange fibers and strongly basic anion exchange fibers are substantially equal based on ion exchange capacity. 

5. A demineralization apparatus according to Claim 4 wherein tiie ionically inactive synthetic f bars comprise polyes- 
ter, polyolef in or polyamide. 

55 

6. A demineralization apparatus according to Claim 4 wherein the strongly acidic cation exchange fibers and the 
strongly basic anion exchange fibers comprise polystyrenes, polyphenols, polyviriyl alcohols, polyacrylate. polyeth- 
yienes or pdyamides having cation exchange groups and anion exchange groups added tiiereto. respectively 
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7. A demineralization apparatus according to any of the preceding claims wherein both the anode charT4>er (3) and 
the cathode chanfi>er (5) have an inlet (111.113) and an outlet (1 12, 11 4) for a electrolyte solution. 

8. A process for the demineralization of water characterized by the step of passing water through the apparatus 
ff described In any one of the claims 1 to 7. 

PatentansprOche 

1. Demineralisierungsvom'chtung unfifassend: 

10 

eine an einem Ende eines Behaiters angebrachte Anodenkammer (3) mit einer Anode (2) Im Innem der 
Anodenkammer (3): 

eine am anderen Ende des Behaiters (1) angebrachte Kathodenkammer (5) mit einer Kathode (4) im Innern 
der Kathodenkammer (5); und 

IS mindestens eine VerdOnnungskammer (81 ,82) und mindestens eine Kbnzentrationskammer (91 ,92). die alter- 

nierend zwischen der Anodenkammer (3) und der Kathodenkammer (5) angeordnet sind. wobei 
die VerdOnnungskammer (81 ,82) eine Anionenaustauschermembran (61 .62) an der Seite der Anodenkammer 
und eine Kationenaustauschermembran (71 ,72) an der Seite der Kathodenkammer aufweist. 
die VerdOnnungskammer (81.82) einen EinlaB (121) fOr das zu behandelnde Wasser und einen AuslaB (122) 

20 for demineraiisiertes Wasser besitzt 

die Kbnzentrationskammer (91,92) einen EinlaB (131) fOr Wasser und einen AuslaB (132) fOr mit lonen ange- 
reichertem Wasser besitzt. 

dadurch gekennzek^hnet daB die VerdOnnungskammer (81.82) einen Stoff (101) enthdlt der eine 
Mischung aus Fasem aus einem stark sauren Kationenaustauscher, Fasern aus einem stark basischen Anio- 

25 nenaustauscher und ionisch inaktiven synthetischen Fasem umfaBt 

2. Demineralisierungsvom'chtung nach Anspruch 1, dadurch gekennzeichnet. daB mindestens zwei VerdOnnungs- 
kammern (81 ,82) zwischen der Anodenkammer (3) und der Kathodenkammer (5) angeordnet sind. eine Anionen- 
austauschennembran (61.62) an dQr Seite der Anodenkammer jeder der VerdOnnungskammem (81,82) 

30 angeordnet 1st, eine Katkmenaustauschermenlbran (71 ,72) an der Seite der Kathodenkammer jeder der VerdOn- 
nungskammem (81 .82) angeordnet Ist und die Kbnzentrationskammer (91.92) zwischen jeder der VerdOnnungs- 
kammem (81 ,82) ausgebildet ist. 

3. Demineralisierungsvonrichtung nach Anspruch 1 0der 2, dadurch gekennzeichnet. daB die Menge der ionisch inak- 
35 tiven synthetischen Fasem in der Mischung 20 bis 70 QewL-% betrflgL 

4. Demineralisierungsvonichtung nach Anspruch 1. 2 oder 3. dadurch gekennzeichnet daB die Menge der Fasern 
aus stark saurem Kationenaustauscher und der Fasem aus stark basischem Anionenaustauscher bezogen auf die 
lonenaustauschkapazttat Im wesentlichen gleich sind. 

40 

5. Demineralisierungsvorrichtung nach Anspmch 4. dadurch gekennzeichnet, daB die kMiisch inaktiven synthetischen 
F^sem Polyester, Polyblef in oder Potyamid umfossen. 

8. Demineralisierungsvorrichtung nach Anspruch 4, dadurch gekennzeichnet. dafl die Fasern aus stark saurem Kat- 
45 ionenaustauscher und die Fasern aus stark basischem Anionenaustauscher Polystyrole, Polyphenole. Polyvinylal- 
kohole, Polyacrylat. Polyethylene oder Polyamide. die mit KationenaustauschgrMppen bzw. Anionenaustausch- 
grippen versehen sind. umfassen. 

7. Demineralisierungsvorrichtung nach einem der vorhergehenden AnsprOche, dadurch gekennz&chnet. daB die 
so Anodenkammer (3) und die (Qrthodenkammer (Si einen EinlaB (111.113) und einen AuslaB (1 12.114) fOr eine 

ElektrdytlOsung aufweisen. 

8. Verfahren zur Demineralisierung von Wasser. dadurch gekennzeichnet daB man Wasser durch die in einem der 
AnsprOche 1 bis 7 beschriebene Von^ichtung hindurchleitet 

55 

Revendications 

1 . Appareil de d6min6ralisatlon conrf)renant: 
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- un compartiment cfanode (3) dispose k une extr^6 d*un recipient (1) ayant une anode (2) k rint6i1eur du 
comparttmentd'anode (3); 

- un compartiment de cathode (5) dispose k I'autre 6xtr6mit6 du recipient (1) ayant une cathode (4) k I1nt6rieur 
du compartiment de cathode (5); et 

- au moins un compartiment de dilution (81 , 82) et au moins un compartiment de concentration (91 , 92) dispo- 
ses alternativement eitre le compartiment d'anode (3) et le compartiment de cathode (5), 

le compartiment de dilution (81 , 82) ayant une membrane ^chtangeuse d'anions (61 , 62) du cdt6 du comparti- 
ment d'anode et une membrane 6changeuse de cations (71 . 72) du cdt6 du compartiment de cathode. 

- le compartiment de dilution (81. 82) ayant une aniv^e (121) d*eau devant dtre traitde et une sortie (122) deau 
d6mln6rali56e. 

- le oompartiment de concentration (91. 92) ayant une arriv6e (131) d*eau et une sortie (132) d'eau ooncentr6e 
en ioris, caract6ris6 en ce que : 

- le oompartiment de dilution (81 . 82) contient un tissu (101) comprenant un nft6lange de fibres ^hangeuses de 
cations fbrtement acides. de fibres 6changeu$es d*anions fortement basiques et de fibres synth^tiques ioni- 
quement inactives. 

2. Appareil de d§min6ralisation selon la revendication 1 , dans lequel : 

- au mom deux conpartiments de dilution (81 , 82) sont disposes entre le compartiment d'anode (3) et le oom- 
partiment de cathode (5), une membrane 6changeuse d'anions (61 . 62) est dispos^e du o0t6 du conpartiment 
d'anode de chacun des compartiments de dilution (81. 82). une membrane 6changeuse de cations (71, 72) est 
disposes du cdt6 du compartiment de cathode de chacun des compartiment de dilution (81 . 82). et 

- lecompartiniemde concentration (91, 92) est d^finienti-e chacun des conpartiments dedil^^ 

3. Appareil de d^min^ralisation selon la revendication 1 ou 2. dans lequel la quantity de fibres synth6tiques ionique- 
ment inactives dans le m^ange est comprise entre 20 et 70 % en poids. 

4. Appareil de d^in^ralisation selon la revendication 1 , 2 ou 3. dans lequel les quantit^s de fibres 6changeuses de 
cations fbrtement acides et de fibres tehangeuses d'anions fbrtement basiques sont pratiquement 6gales en ce qui 
concerne la capadt6 d'6change dions. 

5. Appareil de d^n^ralisation selon la revendication 4. dans lequel les fibres synth^iques ioniquement inactives 
comprennent un polyester, une poIyol6f ine ou un polyamide. 

6. Appareil de d^min^ralisation selon la revendication 4. dans lequel les fibres ^angeuses de cations fbrtenient aci- 
des et les fibres ^changeuses d'anions fortement basiques comprennent des polystyrenes, des polyphenols, des 
poly(aloooi vinylique). du polyacrylate. des polyethytenes ou des polyamides auxqueis ont 6te ajoutes respective- 
ment des groipes echangeurs de cations et des groupes echangeurs d'anions. 

7. Appareil de demineralisation selon I'une quelconque des revendications precedentes, dans lequel k la fois le oom- 
partiment d'anode (3) et le compartiment de cathode (5) ont une anivee (1 1 1 . 1 1 3) et une sortie (1 1 2. 1 1 4) pour 
une solution d'eiectrolyta 

8. Proc6de de demineraiisation d'eau caractdrise en ce qu'il comprend retape consistant k fairs passer de I'eau k tra- 
vers Tappareil decritdans I'une quelconque des revencfications 1^7. 
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AMOUNT OF iONICALLY INACTIVE SYNTHETIC FIBERS (%) 



FIG.2 
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THICKNESS OF DILUTING CHAMBER (mm) 



FIG.3 
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ELECTROCONDUCnVITY OF WATER TO BE TREATED (nS/cm) 

FIG.4 
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